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DESCRIPTION ^ ^ ^ . ncreas . ng need 

Vor ,„e deceive ^"*°°'l 0 '^o. rf .c«t» or 

s=rrx srrsi: rsm 

aro i„c»lcoho. S and Immunol forcomm^ S „ 

imprinting (Ml) co«W» OI lecule in soluuon. (2) The » „„w<,tk 

assemblies - ^^dM-ced and to — £ can he p**ed in 

polymer. (3) Tne temp I{ a«se are crushM anut. -molale from 

^cognUionofrneeorres^drng c^u fe «per«K,n of to *># 

» e „,omatograpr,e — ^ . pItpaiatiV e ^txlTs— y 

Preparative applications compound. Tnis can , in or der to 

...... ^ica. polymerization wttn - ^ preparation o a - 

interactions between 

*'. rcbinding by noncovaie ^ f stabi iisation oftbe relative y m in lead to 

actinically simple it relies on the succe ^^.template assemblies* I ^ 

u,e template sites in the resulting ^Tne^en ^ 

Resized in in the order of those exhibited* an 

exhibit binding affinities ano « 
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^s~=s£ks=- 

m most s „cce»fm £^ cross ]inked wuh 

mclhacrylie monomers, such as "V a enalltiom ers were used as remplales 

.H^acryb*. (EDMA). Mb* ^" V '^°' «^ n0 „s (MICSPs) bu, .his syaem 

proven goneraUy appiicabie » «M » - " im 

^ecrrosraucrn^housro develop^ ^f^^^rsr s,V P . *. rempia* 0*«ft *° 
, .phenylalanine aniHde(L-PA)r»o»u,ned.n Figure 1. i f 

£i monomer (MAA) and * — £££ fCL redid polygon .. 

„„ mm* wirh an azo ^ J""™^^,, u^hem^y ar 60°C or higher^). 
pwO-nW homolysis below room <^»"**' ' or 30 <c „„, be olxained using o> 
Lower rhermochemical inihation wnpemttes down l ^ g) 

,„ me final srep. -he resonant polymee .«M bymc^J ' £ (25 . 38 M or bach 

.Soxhlerapp^arus^dsievedroapamcle ^Meto ^ ^ .„ 



of structurally related analogs. 



- , fftrm 0 f continuous blocks that need 
Mappe.rafmm.bov.M^h.^sof^^.n^^^^.H.h 

l0 be crushed and sieved before «*. *V"J» "J, JL^hic efficiency. The* . 
cnaumpuon of rerupla* - » "^J**™* „ Mgh yield in the form of reguiarly shaped 
before a need for Ml-maerials « «n „ expeaii . „ .upenor in 

dispersion P d ^^ 1 ^ P ^lc^mshav.m. HmiBnonof being «ry 
sensitive to small changes in u. 
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polymerization conditions that can be applied. Thus the procedures need careful optmuzation for 
u »ch new template target which significantly reduces the usefulness of this route^ Moreover 
conditions leading to lowdispersity spherical particles may not be compatible with conditions 
leading to high selectivity and affinity for the template target. 

An alternative to this procedure is the coating of preformed support matenals.(14-16) MIPs have 
been prepared as grafted coatings on metaloxide supports(14, 16) on organic polymer supports^) 
and on the waUs of fused silica caoillaries<17-l9). The former technique allow, the useof the 
wide variety of metal oxide support materials available with different s«es and poros,t,e, G«ftmg 
techniques to prepare organic polymer coatings are expected to be generally applicable to molecular 
Sprinting since the structure of the underlying support is already fixed. Thus compared to ,tm 
,1c number of factors influencing the end result in suspension or precipitauon type 
polymerizations a smaller number of factors is likely to influence the end result in the preparation 
\*Z imprinted coatings. This will make the grafted coatings techniques less sensitive to changes 
"1 offering^ more robust method. This type of coating teehniqes are u^ermore 
ap p,icab.e to modify surfaces of monolithic type supports or microchips prepared ******* 
Uniques. The metaloxide based materials are rigid porous supports with • — *™ 

volume An alternative support that could potentially carry more grafted impnnted polymer per umt 
; ;r l thus allow a ttgher density of imprinted sites would be to make use of swdlabte 
organic resins. In this context Merrifield resins containing grafted initiator or monomer could be 



used. 



Soft, most imprinted coarings have been prqauod by grafting polymers to the various surfaces. 
£ TJZ contains prior ,0 po^on polymeria*,. ~» «- - ^ 
growing polymer ctoins in solution linking them to the surface. The prcblem wt* *. «*n.*e 
H me p"enee of inihamr in solution requiring t» monomer mixture » be applied es a h*ad thm 
'ml *eTr^eprior,opo.,m«riz«ion. Thua *e ex*, amoun. of monomers M . W.1 eo« the 
"II urfacewnh anupToc. .00 Athicx,i,uid flhn am dissolved togemer ^ ■»«« " 
Lccssof solvent Thereafter me modify support la added and me solvent evaporated to leave me 
Zi^Ll. on *e aurf.ee. ft**— ,a d»n carried 

wim this procedure the thickness of Ihe polymer layer » difficult to control and 
ZZyZJ^^ o, solvent may cause ii*omp,«e wemng of me surfed 
£ZL I continuous nlod of eymhesismg me paodes is difficult to envtsage w* thts 



rlle^le improvementinmiamgad would be » confine 

surface CVto» ».<*>. 21) In ahaence of chain uansfer this would M. P-* 

only from the surface of the support wilh no po.ymeriz.non occunng .n solunon. Fo, molecular 
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insta ncc the polymerization can be 
hunting th« would have ^JJJ^ paniclcs suspended in a mixture ofihe 
,,Ld out the surface of inioator modrfied suppo p nmm by e ,ther thermal 

or photochemical initiation. The latter for ptepari ng the imprinted compos* 

Sedimentation possibly leading » ~ occor on fcc particle surface le^ng £ 
prt*. (Figure 3). Polynienzahon v^uW hex y ^ ^ ^ ^ ^for *e 
olution containing the monomer, un^cud- The polymer chain ^ ^ 

coating of several batches of parucles. The prob ^ ^ 80 ftatfee 

"In surface and supress it in solution can be solvedby a** ^ ^ ^ fonnc , 

Xu^edupon ^ 
thai is not attached to the surface shorn mon omeis such as those o 

siyren/divinylbenrene, methacrylates. aery 

template molecules. non _Hnriting 
, ^described in more detail with reference to a number ot 

The invention will now be descnoea 

eXa0ip,eS ' thod for its fabrication and use 

ors , ni c or im.rg.nic «*«.».*"•> ^ 
molecular imprinting. i,» H «or is bound to m. 

■n. support surface b Pt^ - ^ senKWi „pon U** »«^ ^ , 

covalcutly or noncovatenay so u. >bserB<! „f polymer propagunon in 

the tuning 

the surface or vicinity of the surface. Furth ermore this method will an 

h.gheracc^sibiHty of the vomers - the surface 

of mc thickness of the polymer layer. 

- This method was ^^^o^^ S^^uch m 

prcsilanization of the surtac or the epoxy groups with jn ^ 

; (aPS ) fonowed by react,- f w *e formation of an 

a-,o-b, S (c y anopentanoK ^ 8ttrfa ce and the azomtttator. Also 

: - : sensing reagent) or ester hnxbetwee 
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may be used although better results are obtained using the grafted azoinitiator followed by 
photochemical initiation. High yields of grafted polymer is obtained using silica reacted with 
iolucnc-2,4-diisocyanate (TDI) followed by reaction with ACPA. 

Example I Coupling of initiator to amino, epoxy or chloromethyl modified supports or resins 
Epoxy and chloromethyl modified supports: A typical example is as follows. Into a flask, 3 g of 
epoxy modified particles 50 mL of DMSO, 0.5 g of ACPA and picoline were charged. The reaction 
mixture was stirred for 5 h at 50 °C. After the reaction the particles were washed with methanol and 

dried. 

Aminomodified supports: A typical example is as follows. Into a flask, 3 g of epoxymodified 
panicles 50 mL of DMF, 0.5 g of ACPA and dicyclohexyldicarbodiimide (DCCI) and base were 
charged. The reaction mixture was stirred for 5 h. After the reaction the particles were washed with 
methanol and dried. 

The above procedure do not confine all initiator radicals to the surface since the initiator is bound at 
only one position. This invention describes three alternative procedures to confine the 
polymerization to the surface. 

1 . The use of a presynthesized azosilane (Figure 4A). This will more likely lead to a two point 
attachment of the initiator to the surface. 

Example 2 Synthesis ofazosilane for two point coupling of azoinitiator to surface or support 
The a2osilane was synthesized by mixing 0.5 mole glycidoxypropyltrimethoxysilane (GPS) and 
0.25 mole ACPA in 200 mL isopropanol and catalytic amounts of picoline. The reaction was 
allowed to continue at room temperature and the product isolated by evaporation to dryness 
followed by purification by column chromatography giving the product in 60 % yield. 

Example 3 Coupling ofsilane to surface 

The silane was coupled by reaction in water at low temperature < 20 °C for 24 hours. 

2. Preadsorbtion of an initiator that is insoluble in the solution containing monomer. Thus a polar 
water soluble initator as for instance an azo-bis-amidine,(24) can be adsorbed to the surface from 
aqueous solvent, the surface dried and then the polymerization inditated as above described 
(figure 4B). The free radicals generated from the iniator will stay associated to the surface due 
lo their insolubility in the monomer mixture. 
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l-jcample 4 Adsorption of amidineazoinitiator to support surface 

Ail amidineazoinitiator such as 2£'-azobis(NJN(Mimethyleneisobutyramidine) or 2,2'-azobis(2- 
arniclinopropane) is dissolved in methanol/water and supportparticles such as silica charged. After 
several hours equilibration the solvent is removed by filtration and the particles dried under 
vacuum. 

3. Use of microwaves to selectively heat the particle surface (Figure 4C). 
lixampte 5 Microwave initiated polymerization 

Particles is charged to a solution of monomers and initiator in a suitable solvent. The 
polymerization is initiated by microwaveirradiation at a wavelength causing local heating of 

particles only. 

4. Use of iniferters such as dithocarbamate coupled onto the surface (Figure 4D).(25) 
l-Munple.b Synthesis of support or potymeresin bound initiator 

To a surface or polymer containing bound chloromethyl groups is given N,N- 
clicthyldithiocaroamate in solution and the reaction allowed to proceed at elevated temperatures. 

Example 7 Synthesis of block-graft imprinted copolymer 

Particles or a surface containing bound dithiocarbamate groups is added to a mixture of monomers 
(concentration ca 5 moJ/L). template and solvent under nitrogen. The polymer was initiated by 
in-adiation with a ultrahighpressure mercury UV lamp and allowed to proceed for a certain time. 
Then the unreacted monomers and template were washed away. The obtained particles or surface 
can then be immersed in another solution containing another monomer and the procedure repeated. 
This allows the manufacturing of layered surfaces containing one or more imprinted layers using 
possibly different templates and layers of different polarity or other functional properties. 

lixumple H Encapping ofunreacted silanol groups 
. Prior to polymerization endcapping of unreacted silanol groups can be done. Hexamethylsilazane is 
here effective. Good wetting is critical for the formation of a homogenous layer fully covenng the 
: support. Another possibility to enhance the wetting is to use organosilanes containing 
••- functionalities resembling solvents known to be good solvents for the methacrylate 
• : polymerisations. Among these chlorinated hydrocarbons are particularly useful. 
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Grafting of polymer layer 

The polymerization can here be carried out in a stirred suspension of the particles in the monomer 
mixture since growth only takes place on the surface (see Figure 3). Thus the initiator modified 
particles are added to a solution containing monomer and solvent and possibly a template and the 
suspension stirred. The polymerization is then carried out photochemically or thermally. The 
particles can be based on any inorganic or organic support material and the template any molecule 
or ion dissolved in the monomer mixture solution. The grafting can also occur on other surfaces 
such as those generated by lithographic processes or on the walls of capillaries. The thickness of 
the polymer layer is tunable by varying the time of reaction. 

Example To a stirred solution of 38 ml (0.2 mole) EDMA, 3.4 ml (40 mmole) MAA and 10 
mmoie terbutylazine (or no template) in 56 ml dichloromethane is added 5 g of any of the initiator 
modified particles described in Example 1-6. The suspension is sparged with nitrogen and the 
polymerization initiated by UV irradiation using standard mercury high pressure lamp at 15'C or 
by heating to a temperature providing a suitable rate of polymerizaiton. The suspension is stirred 
under nitrogen and UV irradiation or heating for 24 h and the particles then filtered, washed and 
dried under vacuum. The monomer mixture is then used to modify a second batch of particles. 
The resulting particles exhibit high selectivity and affinity for the template, terbutylazine. 

CLAIMS 

! . A composite molecularly imprinted material prepared by grafting a polymer layer from a 
surface containing bound polymerization initiators. 
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New molecularly imprinted polymers grafted on solid supports 



SUMMARY 



The invention refers to a material, its preparation and use, where the material consists of particles 
that can exhibit a selective affinity towards a specific analyte. 
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